The ecology of mosquitoes were studied (Diptera: Culicidae) 
The development of new rural communities in the states of São Paulo and Rio de Janeiro, Brazil, including the area of the present study, occurs where the ecology of mosquitoes species that may be potential vectors of etiologic agents of diseases still remain unknown. Frequently, mosquito species that typically occur in forest habitat (e.g. Aedes albopictus in various Brazilian cities) have become adapted to urban areas and to cohabitation with man.
Our research studies focused on mosquitoes that are potentially vectors of etiologic agents of diseases to man or/and other animals in Atlantic Forest area of Serra do Mar State Park (PESM), Picinguaba Nucleus, city of Ubatuba, State of São Paulo, Brazil. We conducted studies in a preserved primitive forest with easy access and proximity to This work is part of the main author's PhD thesis and was accomplished with the help of CNPq, process no. 41.1613/88. + Corresponding author. Fax: +55-21-290.9339. E-mail: anthony@fiocruz.br Received 24 November 1998 Accepted 4 November 1999 our laboratory (Oswaldo Cruz Foundation, Fiocruz, Rio de Janeiro).
MATERIALS AND METHODS
Targeting the lack of knowledge of the biocenotic structure of the mosquito fauna in the Picinguaba Nucleus of PESM, we captured Culicidae in four locations of the park. Monthly human bait captures were conducted for three different daytime period for both forest and households environment for two years, from January 1991 to December 1992. Additionally climatic conditions were recorded.
PESM includes a long extension of Atlantic Forest habitat alongside 13 cities (from Itariri, in the south, to the Vila de Picinguaba) along the shore of the State of São Paulo (Fig. 1) . The park was created by the unification of nine Forest Reserves in the State of São Paulo, created in 30 August 1982, between the 23º12' and 23º59' South latitude and 44º44'and 47º17' West longitude. It is the largest Brazilian state park, occupying 309,938 hectares. The natural boundaries of PESM reach the seashore in only one point in the vicinities of Vila de Picinguaba with elevations rarely exceeding 600 m. The geomorphological structure is characterized by cliffs with linear, subparallel, red-yel- With annual temperature averages above 22ºC, the general climate is defined as superhumid tropical (tU) without a dry season. According to climatic data (Agricultural Research Center of the Campinas State University, Unicamp, State of São Paulo) in the ten preceding years of our observations studies, temperature, relative humidity and rainfall averages were 22.3ºC, 91.4% and 1,979.6 mm, respectively (Tables I, II) .
The monthly average temperatures varied from 27.4ºC to 14.4ºC from 1981 to 1990, with extreme temperatures of 33.5ºC (January 1988) and 11.6ºC (August 1983) . The relative humidity was always high, sometimes reaching 100%. Even in cooler and drier months (June, July and August) the minimum relative humidity averages were never below 81% (Table I) .
The annual average rainfall was 1,980 mm from 1981 through 1990. During the traditionally drier months (June, July and August) rainfall averages of 91.2 mm, 90.6 mm and 66.2 mm, respectively, were observed. During our study, the greater and the lower precipitation were respectively 272.4 mm in February and 64.4 mm in August 1992 (Table II) .
Four collection sites with different biotopes of the Atlantic Maciço region were selected, sites A/ B/C/D, with the intention of study the influence of vegetation cover and climate variations on the mosquito fauna (Fig. 1) . Collection sites are described below.
Site A: located along the margins of the Fazenda River in the swampy area of the sandy lands through along the 3,500 m of Fazenda Beach, which is the only sea level point of the park. Aquatic vegetation partially covers the swamp and so influence the local mosquito fauna.
Site B: outside the beach zone, approximately 1,500 m from the sea. It typically consists of shrub vegetation cover and is frequently subjected to floods during the rainy season, creating small swampy habitats. The soil is sandy with leaf material in edaphication process.
Site C: this is the most representative of the region's primitive forest, not only because of taller vegetation with orchids and bromeliads, but also for its humidity and temperature levels.
Site D: this site, a clearing in a forested area, was chosen as a representative site of existing human activity in the interior of the park. One of the residences was selected to evaluate Culicidae cohabitation.
Biweekly collections in sites A, B and C were conducted in three periods each day: daylight (10:00-12:00 h and 14:00-16:00 h) and nocturnal (18:00-21:00 h). In each sampling period two team members collected mosquitoes by mouth aspirators using themselves as attractant. Human-bait collection was also conducted in site D biweekly and simultaneously in three different situations: inside the house, catching not only specimens attracted by man but also those resting on the internal walls; outside the house, catching mosquitoes attracted by human-bait and also those resting on the external walls of the house; and around the house, collecting specimens attracted by human-bait at the margins of the forest that surrounds the house, in distances never more than 50 m. However, collections were only conducted from 18:00-21:00 h.
Temperature ( o C)
During collections, temperature and relative humidity were recorded hourly at each side using Incoterme maximum and minimum thermometers and Hugger pointer hygrometers located at each site and 1 m above ground level. Temperature and relative humidity were also recorded inside the domicile. Rainfall measurements were obtained from the Agriculture Research Center, Campinas State University, State of São Paulo.
Collected mosquitoes were killed by chloroform and arranged in labeled small boxes. Mosquitoes were returned to the laboratory where they were identified according to classic literature and systematic proposals of Harbach and Kitching (1998) and Judd (1996 Judd ( , 1998 for the Sabethini tribe. Specimens were incorporated in the Entomological Collection, Entomology Department, IOC, Fiocruz, under the title of "Atlantic Forest Collection".
The relationships between the incidence of mosquito fauna and local climatic variables were established by the linear correlation coefficient. The significance of the measurements made during the period of the study, 1991 and 1992, was evaluated by its insertion in the ten-year climatic graphs: temperature and relative humidity polar graphic and rainfall curve for the previous ten-years.
Graphical representation and statistical analysis were made for common species. No statistical evaluation was done for rare species, those species whose total number of individuals collected represented less than 1% of the total number collected in each subfamily or tribe. Then tolerance interval was calculated using the mean and the stand deviation of the number of collected mosquitoes of a species by month throughout the study.
RESULTS
From January 1991 to December 1992, 622 collections were made. A total of 24,943 adult mosquitoes among 57 species were collected (Table  III) .
Members of Culicinae (excluding Sabethini) were the most frequently collected (72.5%), followed by Sabethini (21.8%) and Anophelinae (5.7%). However, the Sabethini were responsible for the greatest species diversity with 34 among the 57 species collected during the study (Table  III) .
We did not observe much variations in measurements regarding the temperature, relative humidity or rainfall between the corresponding months in the years of 1991 and 1992. The temperature and relative humidity averages in the period were, respectively, 22.6ºC and 91.5% in 1991 and 22.5ºC and 91.1% in 1992. The total of accumulated rainfall was 2,136 mm and 2,215 mm for 1991 and 1992 (Tables I, II) .
The analysis of temperature and relative humidity on the polar graph for the period of 1981 to 1990, shows that the averages for the same factors in 1991 and 1992 were within the maximum and minimum limits for the ten-year averages verified in the PESM (Fig. 2a, b) .
A similar correlation was observed for the rainfall in the same periods. The ten-year average curve obtained for the rainfall during the ten years, 1981 to 1990, is compared to the measurements along the 1991-1992 experiment (Fig. 3a) . The linear correlation obtained from the years of 1991 and 1992 compared to the ten-year average show that the rainfall similarities of those two years are significant (Fig. 3b) .
For the majority of the species the greatest number of specimens were captured during the hottest, most humid and rainiest period, from November to March, and decrease during the coldest, driest and less rainy period, from May to August (Figs 4, 5) . This data supports the existence of a direct relationship between the monthly capture frequency in the majority of the mosquito species and some aspects of the regional climate.
Among the Anopheles, adult An. oswaldoi and An. cruzii were absent in the June and July biting collections, respectively. Their greatest abundances were registered in March and September for the first species and January, March and November for the second. The other two species captured were An. fluminensis, which presented their highest incidences in January and October and for An. mediopunctatus in January. These last two species were captured throughout the year (Table  IV, Fig. 4 ).
The two Culex species were absent in only one month during the year, Cx. nigripalpus in July and Cx. quinquefasciatus in August. Cx. nigripalpus was found exclusively in the samples taken in the forest environment and its highest incidence was observed in March. Cx. quinquefasciatus was not captured in sylvatic environments and its highest incidence occurred in November (Table IV, Fig. 4 ). Ae. serratus and Ae. scapularis occurred in all months along the year with consistant incidences, especially the first species, which presented only a slight increase in January. In the case of Ae. scapularis, the greatest occurrences were observed from December to March, with its maximum incidence recorded in March. Ae. fulvus was absent in the samples taken in August, September and October, and was present at highest levels in March (Table IV, Fig. 4) .
Cq. chrysonotum, the species with the largest number of specimens (Table III) , and Cq. venezuelensis occurred in all monthly samples. The highest incidences in Cq. venezuelensis happened in October and April. In Cq. chrysonotum there were incidence peaks in November and in April (Fig. 4) .
Ps. ferox and Ps. albipes have practically disappeared in August, besides being captured at all samples throughout the study (Table IV, Fig. 4 ).
The Sabethini, responsible for 60% of the species found at the present study, were represented by the six genera identified in Brazil. Shannoniana and Sabethes were not analyzed for monthly prevalence because they represented less than 1% of the tribe specimens total collected.
Tr. appeared in all months. Tr. pallidiventer, although more abundant than Tr. digitatum, was captured neither in May nor in December (Table  IV, Fig. 4) .
Ru. reversa and Ru. frontosa showed similar distribution: they were captured throughout the year, with greatest peaks of incidence concentrated in July and August (Table IV, Fig. 4) .
Four subgenera of Wyeomyia were present. Wy. aporonoma occurred at maximal levels in January and the Wy. dyari in March, April and September (Table IV, Fig. 5 ). Wy. mystes, which was found throughout the year, was most abundant in August and September. Wy. confusa and Wy. shannoni were most abundant in January with population lowest in May, June and July (Table IV, Fig. 5 Fig. 5 ).
Among the four Limatus species that occur in Brazil, three were found in the studied area. Li. flavisetosus and Li. pseudomethisticus showed the lowest number of specimens in May and June, with the greatest incidence in January and in September, respectively. Li. durhami was captured with two abundance peaks in January and April and two valleys in June and September (Table IV, Fig. 5) .
To prove the influence of the climatic factors in Culicidae fauna incidence in the Picinguaba Nucleus in PESM, the importance of this relationship was observed through the linear correlation coefficient, at a 0.1 level of significance. This analyses gave the critical value of "r" = 0.497. According to the analysis, temperature was the climatic variable with the greatest influence upon Culicidae fauna incidence. An. cruzii, An. mediopunctatus, Ae. scapularis, Ae. fulvus, Cq. chrysonotum, Cq. venezuelensis, Wy. dyari, Wy. confusa, Wy. shannoni, Wy. theobaldi and Li. flavisetosus responded positively to temperature, what means that a rise in the number of specimens was directly related to the rise in temperature (Table  V) . In Ru. reversa, this variable has influenced negatively: with an increase in temperature, a decrease in the number of specimens was observed (Table V) .
A correlation based on relative humidity variations was detected for four species. For Ae. scapularis and Cq. venezuelensis, it worked positively, with the rise of relative humidity causing an increase in the number of specimens collected (Table V) . The negative correlation seen for Ae. serratus and Ru. reversa can not be easily explained but may relate to their bionomics.
An. cruzii, Ae. scapularis, Ae. fulvus and Cq. venezuelensis were captured in greater numbers every time an increase in rainfall occurred (Table  V) . In Sabethini species for which this influence was observed, it acted positively upon Wy. theobaldi and Li. flavisetosus, and negatively upon Ru. reversa (Table V) .
According to the linear correlation coefficients, in some of the species more than one of the studied climatic factors influenced the population dynamics.
For Ae. scapularis, Cq. venezuelensis and Ru. reversa, the three factors (temperature, relative humidity and rainfall) were significant. For the incidences of An. cruzii, Ae. fulvus, Wy. theobaldi and Li. flavisetosus the temperature and rainfall variations were conclusive. For the species under significant influence of just one of the climatic factors, it was observed for temperature An. mediopunctatus, Cq. chrysonotum, Wy. dyari, Wy. confusa and Wy. shannoni and for relative humidity Ae. serratus (Table V) .
DISCUSSION
The greatest number of Sabethini species in comparison to the other taxa is in agreement with Guimarães and Arlé (1984) in the National Park of Serra dos Órgãos -PNSO, State of Rio de Janeiro; Guimarães et al. (1991) in the National Park of Serra da Bocaina -PNSB, State of Rio de Janeiro and State of São Paulo; Guimarães et al. (1994a) in the National Park of Iguaçu -PNI, State of Paraná, and Lopes (1996) in the Biological Reserve of Tinguá -RBT, State of Rio de Janeiro. However, these studies found the greatest diversity of species but also the largest number of captured specimens belong to this tribe. In the present study, the highest number of specimens belonged to the Culicinae subfamily (exclude Sabethini), due mainly to the high incidence of Cq. chrysonotum, which comprised 46% of the total of mosquitoes captured (Table III) . The environment where the captures took place seemed to influence the incidence of the Culicidae fauna. Even with similar climatic conditions, such as PESM and PNSO, the slight differences in vegetation coverage and topography may offer significant differences in the ability to support the development of certain species immature phases. The vegetation age may also influence the overall number of specimens of certain species, by providing greater possibility for breeding sites in tree hollows; for example, many sabethines lay their eggs in the more ancient trees (Neves 1972) . Considering the species captured in the Picinguaba Nucleus of the PESM, it is probable that the incidence of the Culicidae fauna is influenced by climatic factors, as observed by different authors in similar areas: Causey and Santos (1949) , Galindo et al. (1950) , Forattini et al. (1968 Forattini et al. ( , 1978 , Neves (1972) , Guimaraes and Arlé (1984) , Guimarães et al. (1991 Guimarães et al. ( , 1994a and Lopes (1996) . 12 12 12 12
Ecology of Mosquitoes -I Anthony Érico Guimarães et al. Nimer (1979) considered that in some Brazilian regions, alternations in tropical and temperate climate characteristics occur. Bates (1949) defined that in the temperate climate mosquitoes incidence varies according to the season of the year and in the tropical climate exclusively controlled by the rainfall. Causey and Santos (1949) , Galindo et al. (1950) and Forattini et al. (1968) reported that rainfall is determinant to the mosquito density in tropical forest areas. Forattini et al. (1968) , Guimarães and Arlé (1984) and Guimarães et al. (1994b) reported that temperature and relative humidity variations directly influenced mosquitoes and that they may even disappear during the driest months of the year. These authors and Bates (1949) affirmed that some mosquito species grow proportionally to the local rainfall. Forattini et al. (1968) and Guimarães and Arlé (1984) (Table  IV, Figs 4, 5) . This kind of population behavior could be explained as an opportunistic reaction to some environmental factor that somehow favored the species leading to a population increase. When the environment conditions go back to normal, the population decreases. As an example, there is the increase of some mosquitoes populations due to the abundance of breeding sites provided by great amount of rain.
In some species this incidence periodicity was observed for more than one month: Ae. fulvus in March and November, Ps. ferox and Ps. albipes in January, June and November, Tr. digitatum in January, March and October, Wy. palmata in August and November and Wy. davisi and Li. durhami in August and October (Table IV) .
We cannot include in this group Cq. chrysonotum and Cq. venezuelensis, among others. Although these species presented significant decrease in number of specimens in a certain month, these decreases occurred after at least two months of relatively stable high incidences. In those cases, the population levels seems to show a tendency to a determined period of the year related to a group of factors that favor the biological activity cycle of the species, for example the aquatic plants they use in their development. Concerning the two Coquillettidia species, the linear correlation coefficient indicates a significant influence of temperature, relative humidity and rainfall for Cq. venezuelensis and just temperature for Cq. chrysonotum (Table V) .
In the Mansoniini tribe, as the example of Cq. chrysonotum and Cq. venezuelensis, this distribution may also be linked to the kind of breeding sites. Species of this tribe differ from the other Culicidae by laying their eggs underneath the leaves of aquatic plants (Eichonia, Typha, etc.) and, after the eclosion in the water, the second stage larvae fixes itself to these plants. In the present study, both species were captured from October to April (Fig. 4) , period in which higher temperature and more rainfalls occurred. In this period, site A (swampy area) and site B (flooded area) were covered by those aquatic plants. Forattini et al. (1981) verified similar monthly frequency rates for both species.
Most Sabethini are not exclusively conditioned to the existence of a special type of breeding site to lay their eggs. In the drier and cooler months there is a decrease of the breading sites, what favors Sabethini in detriment to other species that depend on breeding sites typical from hot and rainy months. This could be observed in the Sabethini population fluctuation from May to October (Table  I , Fig. 4 and 5) .
Wy. (Phoniomyia) species, lay eggs exclusively in bromeliads. It was observed that some adults not only occurred in colder and drier periods, especially in July and August, but also had the highest population levels (Fig. 5) . The maintenance of a central puddle of water in these plants permits the mosquito reproduction, especially in periods of low rainfall.
Similar phenomenon may be observed for the other Sabethini studied: Wyeomyia [excluding Wy. (Phoniomyia)], Trichoprosopon, Runchomyia and Limatus, that, as well as bromeliads, have as breeding sites bamboo stems, tree hollows and leaf cavities in different plants. Guimarães et al. (1984) reported that immature forms of these genus are found at these breeding sites throughout the year.
Comparing the species tolerance intervals in which would be expected the manifestation of monthly frequency with their incidence peaks it was observed that some were outside this range.
The temporal distribution of An. cruzii was similar to that observed by Davis (1945) in the city of Teresópolis, State of Rio de Janeiro, in areas of PNSO that is, absent only in July. Guimarães and Arlé (1984) and Guimarães et al. (1994b) , also in PNSO, and Azevedo (1997) , in the vicinities of the city of Nova Friburgo, reported the presence of this species all year long.
Comparing the incidence of the An. cruzii with its expected range, two population peaks above the maximum tolerance limits, and four below the minimum limit were highlighted (Fig. 4) . These incidences occurred during opposite periods of temperature and rainfall. Comparing these data with the linear correlation coefficients of these two climatic factors (Table V) , it was observed that both contributed significantly to the rise in the number of specimens in January, March and November and to the expressive decreases from May to August (Fig. 4) .
